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UNITED STATES PATENT oEEIoE. 
HARMON J. KLINE, ALPENA, MICHIGAN. 

INTERNAL-COMBUSTION ENGINE. 

1.170.276. Speci?cation of Letters Patent. Patented Febli, 1916. 
Application ?led'J'uly 29, 1911. Serial No. 641,320. 

' To all whom it may concern: 
Be it known that I, HARMON . KIENE, a 

citizen of the United States, residing ‘at 
Alpena, in the county of Alpena and State ‘ 
of Michigan, have invented new and useful 
Improvements in Internal-Combustion En_ 
gines, of which the following is a speci? 
cation. ' _ . I _ . 

My present invention relates to improve 
ments in internal combustion engines, and‘ 
more particularly to those of the four-cycle 

provide a practical and improved valve con 
struction for engines of this type which will 
avoid the expense and difficulties incident 
to the use of puppet valves and cam mech 
anism, a rotary valve being provided, ac-— 
cording to the present invention, which 
serves to control the inlet of, the fuel gas 
and the discharge of the exhaust gases, this 
valve and its related parts being so con 
structed and mounted with reference to the 
engine casing that proper packing and lu 
brication are insured,accurate timing of the 
valve can be readily produced and wear com 
pensated for, if necessary, undue heating of 
the valve is avoided, and the construction 
and proper maintenance of the valve are fa 
cilitated. 
Another object of the invention is to pro 

vide in connection with a rotary valve of 
this type, reversing means which is rela-v 
tively simple and is capable of being easily 
adjusted whereby the valve may be driven 
in either direction according to the direc 
tion of motion of the crank shaft of the en 
gine, an air distributing valve being also 
preferably connected operatively to the 

I valve so as to be driven therefrom, and this 
air distributing valve is adapted to intro~ 
duce the compressed air into the different 
engine cvlinders at appropriately timed in 
tervals for starting purposes. 
A further object of the invention is to 

provide a simple and efficient auxiliary ex 
haust valve to assist the rotary valve in dis-' 
charging the exhaust gases, this auxiliary 
exhaust valve being so constructed and 
placed that it may be manufactured cheaply 
and applied with facility. It will cause‘ re 
moval of any residue from the engine cylin 
der, and this exhaust valve is readly ‘acces 
sible for adjustment or other purposes. 
To these andother ends, the invention 

consists in certain improvements, and com 
binations and arrangements of parts, all as 

will be hereinafter more fully described, the 
.novel features being pointed out particu 
larly in the claims at the, end of the speci? 
cation. ' 

In the accompanying drawing :—Figure 1 
represents a transverse vertical 
through one of the cylinders of an engine 
constructed in accordance with the preferred 
embodiment of my invention; Fig. 2 repre 

section- ' 
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65 
sents a section on the line 2-2 of Fig. 1; . 
Fig: 3 represents a top plan view of the 
englne, a portion of the head being broken 
away; Fig. 4‘ represents a. longitudinal sec 
tion of the upper portion of the engine show 
ing the ends thereof in detail and provided 
with reversing mechanism and also with an 
air distributing valve; and Fig. 5 is a detail 
view of the air distributing valve. 

Similar parts are designated by the same 
reference characters in' the several views. 
Valve mechanism embodying the present 

invention is capable of being applied to in 
' ternal combustion engines'of various types. 
In- the present instance I have shown as an 
application of one embodiment of the in 
vention, a multiple cylinder four-cycle en 
gine adapted to use hydrocarbon or'other 
suitable gaseous fuel. In‘ the particular 
form of engine shown, the cylinders are cast 
(an-bloc, that is, the cylinders are formed in 
a single or integral casting 1 having an o'?‘? 
set 2 arfanged at one side of the axes of the 
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cylinders 3, the offset in the casing being ' 
adapted to contain the primary valve to be 
hereinafter described. The bottom of the 
cylinder casting is bolted or otherwise se 
cured to the top of a crank case 4;, the latter 
containing the ‘usual crank shaft 5. and the 
crank shaft is connected as usual .to each pis 
ton 6 by a connecting rod 7. The usual or 
any other desired methods of constructing 
the crank shaft. pistons and connecting rods, 
and providing for lubrication of these parts, 
may be used. The cylinders within which 
the pistons operate'are open at the top of 
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the casting 1, ahead 8 being provided which _ 
is preferably common to all thefcylinders 
and is removably secured to the top of the 
casting 1. The head has a combustion chain} 
her 9 positioned above and corresponding 
to each cylinder, and the head in thepresent 
instance is ?rmly secure in posi ion by a 
number of suitably placed boltslO. . The 
casting 1 is in the present instance formed 
Witha- jacket ll-for the circulation ofavater 
for‘ cooling purposes and the head 8 is also 
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formed hollow to provide a jacket 12 for the 
circulation of water, the two jackets being 
connected by the‘?tting 13 so as toiinsure 
uniform and complete circulation of the 
water. Openings 14 and 15 may be formed 
in the cylinder casting and the head to pro 
‘vide for the attachment of relief and prim- - 
ing cocks, respectively. _ 
According to the present invention, the 

' offset 20f the cylinder casting is formed 
with a valve casing 16, this casingin the. 
present instance being of cylindrical form 
and may be formed accurately by boring. 
A pair of bushings 17V>and 18 are intro 
duced into the valve casing 16 from the 
opposite ends thereof, the inner ends of the 
bushings abutting or lying in close relation, 
preferably about midway of the length of 
the valve casing, andthe outer ends of the 
bushings are formed with flanges 19 and 
20 adapted to receive screws or other means 
for securing the bushings in proper posi 
tion. The offset 2 of the cylinder casting 
is cored to form an intake manifold or pas-' 
sage 21 and an exhaust manifold or pas 
sage 22, the intake manifold being wholly 
inclosed Within the exterior walls of the 
offset and is‘ inclosed on three sides by a 
portion of the cooling jacket of the cylin: 
der casting, while the exhaust manifold has 
the walls exposed. Preferably, the intake 
manifold is arranged almost directly below 
the valve chamber, it having an inlet 23 
through which the fuel gas is introduced, 
and the exhaust manifold is preferably lo 
cated at the outer side of the valve casing 
and has a discharge opening 24. The up 
per portion of the intake manifold is cored 
with an opening leading to the valve casing 
16, and the inner part of the exhaust mani 
"fold is cored with an opening which also, 
leads to the valve casing. The cylinder cast 
ing is also cored or otherwise formed with 
a passage 25 which leads diagonally down 
wardly and outwardly from the combustion 
chamber 9 of the head and into the valve 
chamber 16, it being understood that a pas 
sage 25 and an opening in the intake mani 
fold and an opening in the exhaust manifold 
will be provided for each cylinder of the 
engine. 
The admission of gas to the cylinder and 

the exhausting‘ of the products of combus 
tion are controlled by a rotary valve 26 
which preferably extends throughout the 
length of the'offset 2 of the cylinder cast 
ing and it‘ has a suitable fit within the bush— 
ings 17 and 18 contained in, the valve cas 
ing 16. ‘This valve when used in connec 
tion with a four-cycle engine is driven at 
half the speed of the crank or engine shaft 
and any suitable means may be provided for 
imparting continuous rotation to the valve 
at the proper speed. In the present in 

' stance, one end of the valve projects be 

‘of the valve. 
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yond the engine casing and has a. bevel gear 
27 ?xed thereto, this bevel gear cooperating 
with. a bevel pinion 28 carried by a vertical 
drive shaft 29, and this shaft may be appro 
priately geared to the crank or engine shaft. 
A divided casing 30 is shown incasing the 
driving gear for the valve, one section of 
the casing having a bushed, bearing 31 
which cooperates with a journal extension 
32 formed on the exposed or projecting end 

The valve has a portion of 
its circumference cut out to provide a pas 
sage for the gas to and from each cylin 
der, each cut-out in the present instance 
being in the form of a segmental recess 33, 
and this recess during rotation of the valve 
alternately establishes communication be 
tween the intake manifold 21 and the-pas 
sage 25 communicating with the cylinder 
and between the passage 25 and the ex 
haust passage or manifold 22, a suitable lap 
being provided for the valve between the 
periods when the cylinder is receiving 'a 
charge of fresh gas and is exhausting the 
products of combustion, for the compres 
sion and explosion of the charge. The tim 
ing of the cycles for each cylinder prefer 
ably corresponds to the timingv employed in 
ordinary four-cycle engines, and accuracy in 
the timing is insured by the use of the in 
serted bushings 17 and‘ 18 which have for 
each cylinder, an inlet port 34, an exhaust 
port 35, and a' port. 36 which communicates 
with the explosion or combustion chamber 
of the cylinder, it being, possible to cut or 
otherwise form the ports in the bushing 
with accuracy before it is inserted intothe 
engine, and hence, accuracy in the coring 
of the passage 25 and the openings leading 
from the manifolds or passages 21 and 22 
is unnecessary. ' 1 .} 

Leakage of the gas in a direction longi 
tudinally of the rotary valve is prevented 
by a suitable number-of packing rings 37 
which are preferably seated-in circumfer 
ential grooves in the valve, a pair of these 
packing rings being preferably placed at 
opposite sides of each recess 33 of the 
valve, and these packing rings also serve 
to retain the lubricating oil between them 
whereby the valve will ?oat on ?lms of oil. 
Leakage of gas in a direction circumferené 
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tially of the valve is also prevented in the ' 
present instance by providing a packing 
strip 38 which in the present instanceiis 
inserted in a vertical slot 39 which leads 
downwardly from the top of the offset part 
‘of the cylinder casting and through a lon 
gitudinal slot in the bushing 17 or 18, each 
of these packing strips being held in proper 
relation to the periphery of the valve by 
a suitable spring 40 which is contained in 
the upper portion of the recess 39 and is 
held under compression by the head 8 when 
the latter is in position. When, however, 
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the head is removed from the cylinder cast 
ing, the several longitudinal packing strips 
and their springs are exposed, and these 
parts may be easily removed. 

It is preferable to employ an auxiliary 
exhaust valve to assist the primary or ro 
tary valve in dischargin the exhaust gases 
from the several cylinde's of the engine. I’ 
provide a simple and’ el cient'auxiliary ex 
haust valve fo,r this purpose which is of the . 
puppet type, and the several valves for the 
(.lifl'erent cylinders mayall be carried by an 
auxiliary exhaust manifold 41, the mani 
fold having a. branch 42 which is adapted to 
be ‘bolted to the cylinder casting directly 
outsidemfeach cylinder and to communicate 
with'an auxiliary exhaust port 43 which is 
formed in the cylinder and in a position 
where it will be covered by the piston, ex 
rcpt when the piston reaches approximately 
the limit of its outward or power'stroke, 
when the auxiliary exhaust port will be un 
covered by the piston acting as a valve, and 
the auxiliary exhaust valve will open and 
permit the major portion of the consumed 
gases at high pressure to escape. The auxil: 
iary exhaust valve embodies a head 44 which 
is preferably ?at and seats directly against 
a ?at surface formed ‘for this purpose on 
the exterior of the cylinder casting,- the- 

veither direction. - valve having a stem 45 which operates 
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through a sleeve 46 formed as a part of the 
manifold, the sleeve acting as a gulde to 
insure proper seating of the valve, and a 

~ compression spring 47 bears upon the outer 
end of the valve stem to yieldably hold it‘ 
upon its seat, allowing the valve to open 
only when the piston substantially reaches 
the limit of its power stroke after an ex 
plosion. The spring 47 is held in position 
by a cup-like cap ‘48 which inclgses the 
spring in the outer end of the valve stem 
and has a gas-tight connection with. the 
manifold 41'. Preferably, the cap 48 is 

~ threaded upon the outer end of the sleeve 
like portion 46 of the manifold, such a con- 
struction preventing the escape of the ex 
haust gases to the exterior of the manifold, 
and vthe thread connection also enables the 
cap 48 to be adjusted to vary the power of 
the spring 47. ‘Vhile the auxiliary valve 
discharges a considerable portion of the con 
sumed gases, the completion of the exhaust 
of the consumed gases is effected by the pri 
mary- or rotary valve during the return 
stroke of the piston, Fig. 1 of the drawing 
showing the valve in the position it occu 
pies just after the exhausting‘ of the con 
sumed gases has been completed, the valve 
being about to close the exhaust port and 
to establish communication between the in 
take port 84 and port 36 which leads to the 
cylinder. ‘ 
The rotary valve is preferably formed 

hollow to provide a passage 49 for the flow 

~ ~8 

or circulation of a suitable cooling medium, 
the two ends of this passage beingopen at 
the exterior of the engine in the present in 
stance to permit the circulation of air from 
the atmosphere, althoughit is obvious that = 
this passage of the valve could be connected 
‘to the water circulating system of a water 
cooled engine. By ventilating or cooling the 
valve, undue heating thereof is prevented. 

E?icient lubrication is essential to the suc 
cessful operation of a rotary valve applied 
to internal combustion engines and the pres 
ent invention provides for this, those "por 
tions of the valve between adjacent cylin 
de-rs operating in bearings as shown, to 
which bearings oil may be‘ ed in any suit 
able manner, but preferably under pressure, 
and, a suitable amount of oil is retained in 
each‘ bearing which presents a continuous 
bearing surface by the respective packing 
rings 37, and hence the valve will ?oat on 
oil ?lms. Those portions of the valve_in 
line with the‘ cylinder, intake and exhaust 
ports will be lubricated by oil coming over 
from the cylinder port and such oil‘ as will 
leak past the packing rings from the adja 
cent valve bearings. 

In some cases, it may be preferable to pro~ 
vide a reversingv gear for the rotary valve 
whereby the engine may be operated in 

Such an arrangement is 
shown in .Fig. 4 wherein the projecting end. 
of the rotary valve 50 which corresponds 
substantially in construction to that of the 
valve 26 in the previously described embodi 
ment has a pair of rufversely arranged bevel 

. gears 55; and 52 revolubly ournaled thereon,‘ 
bushings 53 and 54 being interposed between 
the gears and the valve in the present in 

stance, and anti-friction thrust bearings and 56 are placed-behind Gilt-l1 of these bevel 
gears. A bevel pinion 57 meshes with both 
of the bevel gears 51 and 52 and duringtthe 
running of the engine the two bevel gears 
51 and 52' are revolved in reverse directions 
on the valve. The driving pinion 57 is ?xed 
to an operating shaft 58 and the latter may 
be geared or otherwise connected to the 
engine shaft in the same manner as the 
shaft 29 in the former instance. The bevel 
gears 51 and 52 are alternately connected to 
the valve 50 according to the direction of 
rotation of the engine shaft so as to always 
revolve the valve in the same direction. To 
accomplish this result, an' axially shiftablfe 
collar 59 is in the present instance mounted 
on the projecting portion of the valve 50 
and is interposed between the bevel gears 51 
and 52. This collar is provided with a cir 
cumferential groove ‘60 which cooperates 
with a clutch \fork 61, the latter being 
mounted on a" shaft 62 which may be ro 
tated or rocked to shift'the clutch by a han 
dle or any other suitable .means,‘ a spring 
latch 63 ‘being provided to normally retain 
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the clutch in either of_its two shifted posi 
tions. . 

The collar 59 has a driving‘ connection 
9 with the ‘valve although it is capable of 
shifting axially thereon. A spline connec 
tion 1s shown in the present instance, the 

' collar having a key 64 which operates in an 

15 

axial key-way 65 in the valve. The collar 
has clutch jaws 66 and 67 which project 
from opposite sides thereof and in the pres 
ent instance at diametrically opposite points, 
the clutch jaw 66 being arranged to engage 
and establish a driving connection with "a 
complemental clutch jaw 68 on the gear 51 
while the clutch jaw 67 is adapted to 006p 
erate with a complemental clutch jaw 69 

. formed on the gear 52. By shifting the 
. collar 59 toward one or another of the gears 

20 
51 and 52, motion is [transmitted from the 
respective gear to the collar and from the 

. latter to the valve, and rotation of the valve 
in the same direction while the engine shaft 
is turnlng 1n a reverse direction is readily 

- e?ected simply by shifting the clutch collar. 

25 The rotary valve is also utilized in this em 
bodiment of the invention to operate a com 
pressed air distributing valve which forms 

‘ ’ part of a starting mechanism for the engine. 
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The distributing valve may be of different 
forms, that shown comprising a casing 70 
which is attached to a suitable part ofthe 
engine casing and is formed with a circular 
seat-provided with circularly spaced ports, 

- 71 which correspond in number to the num— 
ber ‘of cylinders, a set of connections 72 
being provided corresponding in number to 
the ports whereby the compressed air may 
be» conducted from each port of the cor 
responding cylinder of the engine. A ro 
tary valve 7 3 is mounted in the casing and 
.contains a port 74 which successively sup 
plies air to the ports 71. The front of the 
casing is closed by a cover 75 which may be 
tapped as shown for the attachment of the 
compressed air supply pipe. This com 
pressed air distributing valve is driven at 
the same speed as the rotary valve of the 
engine which controls the admission and 
exhaust of the gases and the predetermined 
relation which exists between the timing of 
the ports in the main valve of the engine and 

' those of the distributing valve is maintained 
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in the present instance by gearing which di~ 
rectly connects the main and air distributing 
valves, the former valve having a gear 76 
thereon which cooperates with a gear 77 
which latter gear is connected to the rotary } 
valve 73, of the distributing valve. 
In order to start the engine, air is admitted 

to the distributing valve from a suitable 
source and by opening a suitable control 
valve, the air being introduced in proper 
sequence into the respective cylinders of the 
engiiue, forcing’the pistons downwardly in 
succession, and this operation will continue 
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until the engine begins to operate under its 
own power. In a multiple cylinder engine, 
such as the one shown in the present in 
stance, there will always be one or more pis 
tons on their working or descending strokes 
and in readiness to be acted on by the air 
introduced into the respective cylinders by 
the air distributing valve. When it is de 
sired to start the engine'in a direction oppo 
site to that in which it has been previously 
running, the air may be admitted through 
the distributing valve to the respective cyl 
inders in proper sequence, causing the engine 
to begin its rotation in, say, a forward di 
rection, and the clutch collar 59 is then 
shifted to reverse the relation between the 
engine crank, shaft and the main rotary 
valve of the engine, setting the rotary valve 
for operation of the engine in a reverse di 
rection. The air will then be admitted 
through the air distributing valve to the 
different cylinders in proper sequence and 
will causereverse operation of the engine. 
' The present invention provides a simple 
and practical rotary valve arrangement for 
internal combustion engines which is lo 
cated in a lateral offset of the cylinder eas 
ing so as to remove it from the excessive 
heat of the explosion chamber at the head 
of the cylinder, a single valve serves to con 
trol the inlet and exhaust of a plurality of 
cylinders, the inserted bushing for the valve 
provides a simple construction whereby ac 
curacy in the timing of the valve for the dif 
ferent cylinders and compensation for wear 
are provided for. and the relation of the 
fuel supply and exhaust passages with re 
spect to the valve insures the feeding of the 
fuel in the best conditions to the cylinder 
and the exhausting of the highly heated - 
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products of combustion has a minimum heat- . 
ing effect upon the valve. Moreover, in 
applying the valve to an engine having a re 
movable cylinder head, as described, the 
valve andp‘elated parts are conveniently ac 
cessible. l 

I claimias my invention :— 
1. In ah internal combustion engine, the 

combination of a cylinder casing formed 
with adjacently located intake and exhaust 
manifolds, a separatehead connected there 
to, and a single valve mounted in the cylin 
der casing below the parting line between 
the latter and its head and above the intake 
manifold and operative to control 'commu- \ 
nication betweerrithe intake and exhaust 
manifolds“ and the cylinder. 

. 2. In an internal combustion engine, the 
combination of a cylinder easing formed 
with a lateral offset containing adjacently 
located intake and exhaust passages, a head 
detachably mounted on the cylinder casing. 
and a rotary valve mounted in the cylinder 
casing below the parting line between the 
latter and. its head and above the intake 
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manifold and operativeto control commu 
nication between the intake and exhaust 

v passages and the cylinder. 
3. In an internal combustion engine, the 

combination of a multiple cylinder casing 
having a'lateral offset formed with adja~ 
cently located intake and exhaust manifolds 
extending longitudinally of the casing, a 
separate head detachably secured to the cas 
ing and formed with an explosio'n'chamber 
for each cylinder, and a rotary valve 
mounted in the offset of the cylinder casing 
below the parting line between the cylinder 
and said head and arranged‘ longitudinally 
above the intake manifold, the-valve being 
operative to control communication between 
the intake and exhaust manifolds with re 
spect to the explosion chamber of the head. 

4; In, an internal combustion engine, the 
combination of a multiple cylinder casing 
provided with intake and exhaust manifolds 
extending longitudinally thereof and having 
a /valve chamber extending longitudinally 
above the intake manifold, a bushing in 
serted within said valve chamber and 
formed with circumferentially spaced and 
alined ports which communicate‘ respec 
tively with the intake and exhaust manifolds 
and the cylinder, and a rotary valve 
mounted in said bushing and having a port 
OIJGI'?tlX'B to control vthe ports in the bushing. 

5. In an internal combustion engine, the 
combination of a jacketed cylinder casing 
having a removable head and also having a 
lateral o?'set provided with a valve chamber 
arranged below said head, an intake mani 

_ fold located below the valve chamber and 
inclosed by a portion of the jacketing of. the 
cylinder casing, an exterior exposed exhaust 
manifold at the outer side of the valve cham 
ber and a passage connecting the valve 
chamber and cylinder, and a valve mounted 
in the valve chamber and operative 'to con 
trol communication between the intake and 
exhaust manifolds and the cylinder. 

6. In an internal combustion engine‘, the 
combination of a cylinder casing provided 
with intake and exhaust passages'and also 
having a valve chamber, a;bushing inserted 
‘in said valve chamber and having ports for 
the intake passage, the exhaust passage, and 
.the cylinder respectively, _a rotary valve 
"mountedin said bushing and having a recess 
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mats-periphery to‘ alternately establish com 
munication between the intake passage and 
the cylinder and the exhaust passage and 
the cylinder, circumferential packing rings 
interposed between the valve and the bush 
ing at opposite ends of the ports in the lat 
ter, and a longitudinal packing strip co 
operative with the periphery of the rotary 
valve and also bearing upon the packing, 
rings. _ ‘ 

7. In an internal combustion engine, the 
combination of a cylinder casing having a 

5 

lateral o?fset provided with a valve chamber 
and intake and exhaust passages, a rotary 

F 

valve mounted in the valve chamber and, 
operative to control communication between 
said passages and the cylinder, a separate 
head detachably connected to the top of the 
cylinder casing, the offset of the cylinder 
casing having a slot which is exposed at the 
parting line between the cylinder casing and 
its head, and apacking strip arranged in 
said slot and cooperative with the valve. . 

8. In an internal combustion engine, the 
combination of a cylinder casing provided 
with a valve chamber having a port com 
municating with the cylinder and inlet and 
exhaust ports, a valve rotatably mounted in 
said chamber and having a port for control 
ling the ports in the cylinder casing, circum 
ferential packing rings on said valve at op 
posite ends of the port therein, and a pack 
ing device cooperative with said packing 
rings on the valve at a point between the 
cylinder and exhaust ports. ' 

9. In an internal combustion engine, the‘ 
combination of a cylinder casing having a 
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valve chamber and passages connecting the,‘ 4 
same with the cylinder and the intake and 
exhaust,‘~-a valve rotatably mounted in said 
chamber and having a port cooperative with 
‘said passages, circumferential packing rings 
on the valve atopposite ends of' the port 

"therein, and an axially extending packing 
strip ?tted in the valve chamber and bearing 
on said rings on the valve. 

10. In an internal combustion engine,'the 
combination of a cylinder casing provided 

' with a valve chamber and with cylinder, in 
take and exhaust passages in circumferen 
tial alinement, a valve rotatably mounted in 
said chamber and having a port co'a'perative 
successively with said passages, circumfer 
entially extending packing rings arranged 
on the valve at opposite sides of said port 
and passages, and a longitudinally extend 
ing packing strip bearing on said packing 
rings of the valve at a point directly be-. 
tween'the cylinder and exhaust passages. 

11. In an internal combustion engine, the 
combination of a cylinder casing having cyl 
inder, intake and exhaust passages, a’ bush 

, ing fitted in the casing and having circum 
ferentially spaced ports corresponding to‘ 
said passages and provldedmvith- a longiF‘ 
tu'dinal'slot at a point between the cylinder 
and exhaust passages, and a packing strip 
operating through said slot in' the bushing 
and bearing on the valve. 

12. In an internal combustion engine, the 
combination of a. cylinder casing provided 
with cylinder, intake and exhaust passages, 
a. bushing ?tted in' said casing and having 
circumferentially spaced and alined ports 
corresponding ‘to said passages and also'hav 
ing a longitudinal slot located at a point be 
tween the cylinder and exhaust passages, a 
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valve rotatably mounted in said bushing 
and having a port arranged to cooperate 
successively with said ports in the bushing, 
circumferentially extending packing rings 
on the valve at opposite sides of said ports, 
and a longitudinal packing strip operating 
th- Jugh said slot in the bushing and'bearing 
on the valve and packing rings. v 

13. In an internal combustion engine, the 
combination of a cylinder and piston opera~ 
tive therein, a single valve operative to con 
trol the intake and exhaust of the cylinder, 
and an auxiliary exhaust valve controlled 

‘ by the piston to exhaust gas from the cylin 
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der prior to the exhaust of gas therefrom 
by the valve ?rst mentioned. 

14. In an internal combustion engine, the 
‘combination-of a cylinder casing provided 
with a valve chamber, cylinder, intake and 
exhaust passages spaced and alined circum 
ferentially thereof, a valve revoluble in said 
chamber and having a port operative in a 
direction to connect the cylinder passage 
successively With the ‘exhaust and then the 
intake passages, and means for revolving the 
valve in such direction‘irrespective of the 
direction of rotation of the engine crank 
Shaft. .- ' 

15. In an internal combustion engine, the 
combination of a- cylinder casing formed 
with intake'and exhaust passages, a rotary 
valve mounted in the casing and having 
ports to control. both the intake and exhaust 
passages of the casing, and means for im 
parting rotary motion to said valve in either 
of tWo directions relatively to the engine‘ 
shaft. , _ . . 

16. In an internal combustion engine, the 
combination of a cylinder casing formed 
with intake and exhaust passages, a. rotary 
valve mounted in-the caslng and having 

_ ‘ ports for controlling both the admission and 
exhaust ofygases With respect to said pas 
sages, and means for reversiblydriving said 
valve relatively to the engine shaft compris 
ing a pair of reversely rotated gears, and a 
clutch for connecting them alternately to ' 
the valve. - 

17. In an internal combustion engine, the 
combination of a cylinder, a single rotary 
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valve having a recess to control the intake 
and exhaust of the cylinder, said valve open 
lng to exhaust gas from the cylinder after 
the piston therein has commenced its exhaust ' 
stroke, and an auxiliary exhaust valve con 
trolled bv the piston and operative toex 
haust gas from the cylinder before the pis— 
ton therein has commenced its exhaust stroke. 

18. In an internal combustion engine, the 
combination of a cylinder casing, a rotary 
valve for controlling the intake and exhaust 
thereof, means for reversibly rotating the 
valve relatively to the direction of rotation 
of the engine shaft,v and-starting mechanism 
connected directly to and operated in unison 
with said valve. ‘ \ v 

19. In an internal combustion engine, the 
combination of a casing forming a plural. 
ity of cylinders and having intake, exhaust 
and cylinder passages for the respective cyl 
inders, a rotary valve mounted in said cas 
ingand having ports operative to connect 
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the cylinder passage successively With the - 
' exhaust and intake passages for the respec~ 
tive cylinders, bearings being formed in the 
casing between adjacent cylinders and co 
operating With the rotary valve, pairs of 
circumferential packing rings on the valve 
and cooperative With the respective bearings 
and a longitudinal packing strip co’iperaé 
tive With the valve at a point between the 
respective cylinder and exhaust ports and 
bearing on the adjacent packing rings. 

20. In an internal combustion engine, the 
combination With a rotary valve mounted 
in the engine casing and having ports to con~ 
trol both the intake and exhaust passages of 
the casing, means for.starting the crank 

I shaft of the engine in either direction, and 
means for revolving said valve in the same 
direction irrespective of the direction of ro 
tation of the engine crank shaft. 

In testimony WhereofI have hereunto set 
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my hand in presence of two subscribing Wit 
nesses. _ _ , 

HARMON J. KLINE. 

.Witnesses: 
‘ NELSON M. EDDY, 
M. G. Urnnonarr. 


